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The Directional Polarimetric Camera (DPC) [1] is a polarization sensor with character of ultra-
wide-angle and low-distortion imaging [2—3] and developed by Anhui Institute of Optics and Fine
Mechanics, Chinese Academy of Sciences. It was launched successfully on May 9, 2018, aboard
the GaoFen-5 Satellite (GF-5), a sun-synchronous orbiting satellite at an altitude of 705 km with
an inclination of 98°, which has the 1:30 pm local overpass time and a 2-days revisiting period.
The DPC is based on a Charge Coupled Device (CCD) matrix array detector and has effective
pixels of 512x512 with a spatial resolution of 3.3 km under a swath width of 1850 km. It has 3
polarized bands (490, 670, and 865 nm) and 5 unpolarized bands (443, 565, 763,765, and 910 nm),
providing as much as 9 viewing directions for an observing object. Its main mission is to obtain
multi-angle, multi-spectral polarization radiation data, and combine the characteristics of atmos-
pheric inversion model based on polarization information to provide global atmospheric aerosol
and cloud characteristics data products, including aerosol optical thickness, particle size distribu-
tion, particle shape and cloud optical thickness, etc., so as to provide data support for atmospheric
environment monitoring, global climate change and high accurate atmospheric correction [4-7].

Stray light [8-10] is referred to as the non-imaging light received by the detector. When non-
imaging light reaches the surface of the detector, it forms stray radiation which will reduce the
contrast and clarity of the image. In severe cases, the target image will be annihilated by stray
light. For the DPC, stray light will cause the degradation of imaging quality, resulting in the meas-
urement error of apparent reflectance or polarized reflectance, and adversely affecting the accuracy
of radiation and polarization calibration and the inversion of aerosol parameters. In order to restrain
stray light from reaching the image surface, general methods include installing a hood in front of
the instrument objective, adding an anti-stray diaphragm in the design of the barrel, and coating
the inner wall of the instrument with a black anti-glare paint, etc. However, the use of a hood can
only reduce stray light outside the field of view (FOV), and the diaphragm and paint are limited
by the level of technology. Thus, the adoption of these measures cannot completely eliminate stray
light, especially for the DPC, which is a kind of large FOV imaging instrument. Stray light in the
FOV is more difficult to eliminate if the above methods are merely used. Therefore, suitable stray
light correction algorithm is needed for the further process of the measured image.

The stray light correction algorithm [11-16] is a kind of method which can eliminate stray
light effectively by means of post-treatment. It has been widely studied and applied due to its
convenience and no need to change the structure of the instrument. There are many reports on this
topic. Lahrrére et al. [11] subdivided the stray light of the Polarization and Directionality of the



Earth’s Reflectances instrument into the first type and the second type, and proposed the concept
of using the deconvolution algorithm [17-21] to correct the first type of stray light and the matrix
method to correct the second type of stray light. However, the specific implementation of the
methods has not been given. lwasaki et al. [12] established a parametric stray light function for the
visible near infrared channel and infrared channel of the Advanced Spaceborne Thermal Emission
Reflection Radiometer, and corrected the stray light by Van-Cittert iterative algorithm. Gerace et
al. [13] deduced the position of stray light through the optical model of the Thermal Infrared Sen-
sor and estimated the value of the stray light, thus realizing stray light correction by subtracting
the estimated stray light data from the measured data. Zong et al. [14] obtained the stray light
diffusion function of different pixel positions of the instrument detector, so as to construct the stray
light correction matrix of the imaging system to achieve the correction of stray light. But this
method is only suitable for a linear array CCD. It needs to be extended to two-dimensional form
for stray light correction of an area array CCD.

In this paper, firstly, the working principle and the optical structure of the DPC are introduced,
and the stray light characteristics of the instrument are analyzed based on its optical structure.
Then, a novel deconvolution method is proposed to correct the local stray light and the matrix
method is extended to two-dimensional form to correct the global stray light, respectively. Finally,
stray light correction is carried out for laboratory images with the proposed methods. The experi-
mental results show the effectiveness of the proposed correction methods.
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